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TAR AND NICOTINE RETRIEVAL FROM 
FIFTY-SIX BRANDS OF CIGARETTES 

George E. Moore, MD, PhD, Irwin Bross, PhD, 
Raymond Shamserger, PhD, and Fred G. Bock, PhD 


Tar and nicotine yields o£ 56 brands of cigarettes are determined. Tar yields 
range from a low of about 8 mg per cigarette to a high of about 43 mg per 
cigarette. Nicotine yields, which closely correlate with tar yields in most cases, 
range from about 0.3 to 2.6 mg per cigarette. There are substantial differences 
among cigarettes of the same general type. Among cigarettes without filters 
tar yield depends chiefly on the length of the cigarette. Filter cigarettes show 
the greatest variability in tar yield, ranging from 8 to 42 mg per cigarette. 
Among cigarettes with filters tar yield depends on the length of the cigarette 
and the weight of the filter, longer cigarettes and light-weight filters being 
associated with higher tar yields. It seems clear that manufacturers are able 
to produce cigarettes with almost any yield of tar and nicotine from very low 
to very high. This potentiality is important in the control of diseases caused 
by cigarette smoking. 
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7 he biological activity of tobacco smoke 
has been demonstrated extensively in hu- 
beings and experimental animals. 18 The 
Ity of tobacco smoke to induce cancer in 
nan beings is paralleled by its ability to 
vote various kinds of malignant lesions in 
eral animal species. 19 In common with 
' : carcinogens, tobacco smoke shows a dose- 
endeut relationship that can be plotted 
both human and animal data. 1 ' 0 - T ’ 21 
he importance of keeping exposure of the 
nchial system to tobacco smoke to a mini- 
uncil such a time that it is possible to 
ve the offending noxious materials is ap- 
tnt to all sincere students of this major 
l>lic health problem. Practical techniques 
jjnde the following: 

rCessation of deep inhalation, either by 
oluntary effort or by changing from 
arettes to pipes and cigars, which tend 
' discourage deep inhalation; 

• Alteration of the tobacco in cigarettes 
1 that the resulting effects on the pH or 
pother characteristics of the smoke simi- 
'iy discourage deep inhalation; 
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"b gram 1053. 
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3. Smoking fewer cigarettes; 

4. Smoking less of each cigarette; 

5. Using filters that appreciably reduce 
the quantity of smoke particulate that 
reaches the tissues. 

This paper summarizes the relative amounts 
of total particulate matter (i.e., “tar") and 
total alkaloids (i.e., “nicotine") recovered from 
the mainstream smoke of commercial cig¬ 
arettes of different lengths and compositions, 
with and without filters. We are well aware 
that modifications in the protocol can result 
in somewhat different yields of tar and nico¬ 
tine. Despite such reservations, however, the 
data obtained are useful in comparing the 
potential biological effects of different kinds 
of cigarettes. 

Methods and Materials 

Cigarettes of 56 brands were purchased, 
mostly from a single local retail outlet. The 
gross physical characteristics of the cigarettes 
are summarized in Table 1. Routinely, cig¬ 
arettes were removed from packs and stored 
at room temperature and 60 ± 2% relative 
humidity for 48 hours. On the day that cig¬ 
arettes were smoked, they were selected to fall 
within prescribed ranges for weight (±5 mg) 
and resistance to air flow (± 0.25 inches of 
water at a flow rate of 17.5 ml/sec). Immedi¬ 
ately after selection, each cigarette was care- 
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Table 1. Physical Characteristics- 


Brand 

Type* 

Selected 
wt. (Gm) 
mid range 

Selected resistance 
(inches of H;0) 
mid range 

Average puffs 
per cigarette 

Average buti 
length (mm] 

Marvels 

F 

85 

1.081 

1.8 

9.0 

29.8 ~ 




1.078 

4.9 



Cascade 

FM 

85 

1.066 

4.5 

9.2 

27.3 




1.132 

4.9 



Carlton 

F 

80 

1.095 

2.6 

9.1 

34.6 

King Sano 

• FD 

85 

1.327 

5.0 

9.8 

29.4 

Duke 

F 

85 

1.151 

3.2 

7.0 

32.5 

Life 

F 

85 

0.993 

3.9 

8.3 

31.9 

True 

F 

85 

1.090 

3.6 

8,3 

33.4 




1.056 

2.8 



Kent 

F 

S5 

1.019 

3.6 

10.2 

26.2 




1.023 

3.6 



Montclair 

FM 

80 

1.103 

2.6 

10.0 

28.6 

Spring 

FM 

85 

1.046 

3.2 

9.8 

28.2 

Galaxy 

F 

85 

1.145 

3.1 

9.4 

28 l 

Marlboro 

F 

80 

0.995 

3.1 

9.5 

24.8 





3.3 



Winston 

F 

80 

1.054 

3.3 

10.9 

24.6 1 




1.051 

3.0 



Old Gold 

F 

85 

1,022 

3.4 

9.6 

28.6 




0.987 

3.1 



Waterford 

F 

SO 

1.131 

3.1 

$.6 

30.5 ; 

Lark 

F 

85 

1.247 

3.8 

10.8 

27.6 ' 

Philip Morris 

F 

85 

1.120 

3.0 

9.2 

28.4 




1.174 

2.2 


9 

Newport 

FM 

80 

0.965 

2.8 

8.9 

24.8 I 

Viceroy 

F 

85 

1.085 

3.1 

10.8 

27.5 i 

Salem 

FM 

85 

1.125 

3.2 

11.1 

24.4 j 

Paxton 

FM 

85 

1.141 

3.2 

9.9 

2S.3 - 

Parliament 

F 

85 

1.169 

3.8 

9.5 

27.5 1 

L & M 

F 

70 

0.945 

3.2 

9.0 

22.9 I 

Benson & Hedges 

F 

70 

0.890 

3.2 

8.5 

22.5 1 

Tempo 

F 

85 

1.333 

3.2 

. 10.1 

28.1 ; 

Tareyton 

F 

85 

1.137 

3.3 

10.9 

23.1 1 




1.133 

3.0 


1 

Alpine 

FM 

85 

1.120 

3.7 

9.3 

28.2 .1 




1.055 

3.2 



Koo! 

FM 

85 

0.994 

3.2 

10,3 

23,1 1 


*>• 3 Tar- 

JV Cigarettes Smoked 

Brand 
hesterfield 
ucky Strike 
asis 

ucky Strike 

besterfield 
deigh 

hilip Morris 
aire 
i Gold 

■'Maurier 

I 

jtyers 
imels 
aeis 

k 

[Mall 

: & Half 
nino 
[Gold 
ierpiece 

1 

ma 

Bp Morris 
ndon 

on Sc Hedges 
day 
ton 

ifal! 


* F—filtered, M—menthol; number is length in mm to nearest 5 mm, 


fully wrapped in aluminum foil to reduce ex¬ 
posure to the air while other cigarettes were 
being smoked. 

The cigarette smoking machine was de¬ 
signed by Schur and Rickards. 36 With this 
machine, cigarettes were puffed individually 
for 2 sec of each minute. The smoke was 
passed through a standard plastic chamber* 
equipped with a Cambridge C-l 13 filter.* For 
the present study' 8 of the potential smoking 
ports were used, At the beginning of each 
smoking day the volume of air drawn through 
individual cigarettes was checked to make 
sure that it was 35 ± 1 ml for each port. 

Immediately before placement in the cig¬ 
arette holder, each cigarette was marked 
lightly with a pencil to indicate the desired 
butt length. For cigarettes without filters, the 


* Phipps and Bird, Richmond, Va. 

t Cambridge Filter Corp., Syracuse, N. Y. 

* Consolidated Glass Works, Kingsport, Tenn. 


standard 23-mm butt length recommend 
by Bradford et al. 4 was adopted. For cigaretj 
with filters or paper overwraps longer 
20 mm a butt length 3 mm longer thanj 
filter or overwrap was taken, as standard. 

There were at least 3 filter pads for 
brand and 4 cigarettes were smoked with i 
filter pad. A control brand (regular size ' 
Strike) was smoked on one port each smok 
day. 

Tar and nicotine were analyzed accori 
to the methods described by Ogg! s The pk 
holder and filter were weighed beforel 
after 4 cigarettes were smoked and tl«j 
crease in weight was defined as the tar. 
alkaloids, determined with a Griffith stil ffp 
a Cary Model 11 spectrophotometer, J 

reported as nicotine. 

A survey of local retail markets show^j 
one brand of cigarettes (Carlton) was on 
in packs of 3 distinctly different desig " 


did not carry the 
and thus muse h 
ise these 3 samples e» 
’ed at appreciably 
desirable to test the 
rison with newer 
L We were able to r 
|der cigarettes and he 
‘ ual cigarettes for te. 
lt * n this instance 
jjffinces. 

lyailabili ty of “very 
1 . roarket suggested 
brands might 
[.we “equilibra 
fehrand (Lucky Strik 
and 100% relati 

^.another test of ■ 
tested some relat 
g) brands after 
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-F. 1, Physical Chara? 


Jgarettes 


Smoked 


srerage puffs 
er cigarette 


Averagi 

length? 


9.0 


9.2 


9.1 


9.8 

29 

7.0 

32 .39 

8 3 

3 iio 

8.3 

33 3 

10.2 

26 ^ 

10.0 

2 S.m 

9.8 

28.23 

9.4 

28.0 

9.5 

24 ‘1| 

10.9 

24.0 

9.6 


8.6 

30.5 

10.8 

27 . 6 J 

9.2 

28 . 4 ’ 

i 

8.9 

24 . S ' 

10.8 

27.5 

11.1 

24 . 4 , 

9.9 

28 .? 

9.5 

27.5 

9.0 

22 . 9 ' 

8.5 

22.5 

10.1 

28.1 

.1 

10.9 

23. ( 
a 

9.3 

23 . 2 : 

10.3 

28 . r 


■'grand 


sterheld 
• Strike 

■ Strike 

iter field 
Bgh 

i Morris 
[Gold 


I Mali 

f & Half 
lino 
[Gold 
isterpiece 

ol 

;ima 

lip Morris 
ndon 

on & Hedges 
liday 
Syton 


Type* 


Selected 
wt. (Gra) 
mid range 


70 

70 

FM 85 
F 85 


F 

F 


F 

M 


85 

85 


70 

FM 85 
70 

F 85 

75 

70 

F 85 


85 

85 

85 

85 

85 

85 

70 

85 

S 5 

85 

100 

85 

85 

100 

85 


1.044 

1.035 

1.022 

0.976 

1.066 

1.078 

1.082 

1.124 

1.079 

1.073 

0.966 

1.050 

0.908 

0.916 

1.059 

1.025 

1.120 

1.005 

1.089 

1.058 

1.086 

1.146 

1.171 

1.174 
1.216 
1.084 
1.138 
0.945 
1.250 

1.175 
1.241 
1.264 
1.249 
1.129 
1.155 
1.269 
1.258 
1.166 
1 189 


iutt length recommer^ 
was adopted. For dgai' 
>er overwraps longer 
j til 3 ram longer than] 
was taken, as standard.? 
east 3 filter pads for 
ttes were smoked with i 
■1 brand (regular size Lu 
. on one port each smok 

,e were analyzed accord 
tribed by Ogg. 13 The pla 
were weighed before | 
were smoked and the! 
its defined as the tar. T<] 
ied with a Griffith still* i 
[ spectrophotometer, 

e. 

retail markets showed 
■ettes (Carlton) was onj 
ictly different designs. 


did not carry the mandatory health 
ning and thus must have been fairly old. 
ause these 3 samples evidently were manu¬ 
red at appreciably different times, we 
■ it desirable to test the older cigarettes in 
Qparison with newer ones of the same 
ad. We were able to purchase only 40 of 
folder cigarettes and hence our selection, of 
SKvidual cigarettes for testing had to be less 
agent in this instance than in normal 
umstances. 

The availability of “very old” cigarettes in 
retail market suggested that some of the 
^-moving brands might be relatively dry, 
to rdingly, we “equilibrated” batches of a 
pular brand (Lucky Strike) for 48 hours at 
60% and 100% relative humidity prior 

• analysis . 

/ n still another test of the effects of hu- 
tolhy we tested some relatively less popular 
ow-moving) brands after both 24 and 48 


Selected resistance 

(inches of HjO) Average puffs Average butt 
mid range per cigarette length (mm) 


2.2 

9.6 

23.8 

2.4 



2.6 

8.5 

23.1 

2.2 



3.6 

9.5 

24.9 

3.0 

10.7 

27.7 

3.1 



3.8 

12.2 

28.5 

3.0 

11.1 

28.6 

1.8 

8.6 

23.1 

2.8 

10.8 

28.3 

1.6 

9.6 

28.6 

2.6 

10.2 

28.3 

2.5 



2.4 

10.3 

23.8 

1.9 

9.0 

24.8 

2.5 

11.0 

28.2 

2.0 



1.8 

9.7 

23.7 

2.2 

11.4 

24.6 

2.4 



2.4 

13.0 

28.6 

2.6 

10.6 

24.6 

2.0 

10.8 

24.1 

2.3 

9.8 

29.0 

1.6 

9.0 

24.6 

2.6 

12.1 

25.6 

2,4 

11.2 

25.7 

1.9 

12.2 

25.3 

3.0 

13.9 

25.9 

l.S 

11.2 

25.1 

2.0 

11.4 

22.3 

2.2 



2.7 

13.2 

22.4 

1.4 

12.0 

24.0 

1.7 




hours of exposure to 60% relative humidity. 
Tar yield showed no consistent difference be¬ 
tween the 2 periods of exposure for any brand 
and the differences which we did find were 
within the 95% confidence level. The data for 
the 2 periods of equilibration were pooled. 

Variability in tar yields showed some tend¬ 
ency to increase as the yields increased; hence 
the yields per cigarette were divided into 4 
ranges; under 20 mg, 20 to 24,9 mg, 25 to 29.9 
mg and 30 mg and over. Separate variance es¬ 
timates were calculated for each range. The 
variance estimate for a specified range was 
obtained by pooling the individual estimates 
of variance for the brands whose averages fell 
within that range. 


Results 

Recovery of tar from the various types of 
cigarettes tested ranged from 8.3 to 43.4 mg 
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per cigarette (Table 2). Recovery of nicotine 
ranged from. 0.29 to 2.64 mg per cigarette. 
(Recovery of nicotine added'to die filter pads 
through the use of the method described by 
Ogg 18 proved to be quantitative.) The tar and 
nicotine contents were closely correlated (Fig. 
I). One brand (King Sano) deviated signifi¬ 
cantly from the others in this regard, having 
substantially less nicotine than would be ex- 


Table 2. Average Tar and Nicotine Per Cigarette 


Brand 

Type* 

Tar 

(mg) 

Nicotine 

(mg) 

Marvel 

KF 

8.3 

0.32 

Cascade 

KMF 

9.1 

0.34 

Carlton 

KF 

9.7 

0.74 

King Sano 

KFD 

12.0 

0.39 

Duke 

KF 

12.3 

0.46 

Life 

KF 

13.6 

0.97 

True 

KF 

15.8 

0.80 

Kent 

KF 

18.8 

1.10 

Montclair 

KMF 

21.1 

1.15 

Spring 

KMF 

21.7 

1.16 

Galaxy 

KF 

22.1 

1.43 

Marlboro 

KF 

22.4 

~ 1.24 

Winston 

KF 

22.9 

1.32 

Old Gold 

KF 

23.0 

1.32 

Waterford 

KF 

23.0 

1.40 

Lark 

KF 

23.1 

1.26 

Philip Morris 

KF 

23,2 

1,46 

Newport 

KMF 

23.3 

1.34 

Viceroy 

KF 

23.4 

1.68 

Salem 

KMF 

23.6 

1.43 

Paxton 

KMF 

23.S 

1.43 

Parliament 

KF 

24.0 

1.44 

L & M 

RF 

24.9 

1.12 

Benson & Hedges 

RF 

25.0 

1.55 

Tempo 

KF 

25.1 

1.6S 

Tareyton 

KF 

25.3 

1.35 

Alpine 

KMF 

26.4 

1.52 

Kool 

KMF 

26.6 

1.88 

Chesterfield 

r< 

27.0 

1.18 

Lucky Strike 

R 

2 7.1 

3,42 

Oasis 

KMF 

27.1 

1.38 

Lucky Strike 

KF 

27.3 

1.42 

Chesterfield 

KF 

27.6 

1.72 

Raleigh 

KF 

27.8 

1.98 

Philip Morris 

R 

28.S 

1.37 

Belair 

KMF 

29.7 

2.11 

Old Gold 

R 

29.7 

1.63 

du Maurier 

KF 

30.0 

1.96 

Players 

R 

31.0 

1.67 

Camels 

R 

31.3 

1.69 

Camels 

KF 

32.4 

1.77 

York 

K 

32.4 

1.69 

Pall Mall 

K 

33.0 

1.75 

Half & Half 

KF 

33.6 

1.99 

Domino 

K 

34.1 

1.48 

Old Gold 

K 

34.8 

1.89 

Masterpiece 

KF 

35.9 

2.23 

kooi 

RM 

36.3 

2.21 

Fatima 

K 

36.7 

1.73 

Philip Morris 

K 

37.2 

2.11 

Brandon 

K 

38.5 

2.35 

Benson & Hedges 100 

KF 

39.3 

2.29 

Holiday 

K 

41.1 

2.45 

Tareyton 

K 

41.5 

1.97 

Pall Mall 

KF 

41.6 

2.20 

Raleigh 

K 

43.4 

2.64 


* K—king (80-100 mm), R—regular (70 mm); 
F—filter, M—menthol, D—denicotinized. 


pectecl on the basis of the tar yield; this brand 
is advertised as having a low nicotine content. 
Other brands with proportionately low nico¬ 
tine were Cascade, Duke and Marvel. Because 
of the close correlation between tar and nico¬ 
tine contents, we are confining our further 
remarks mainly to tar yield. 

There were substantial differences among 
cigarettes of similar types. Among cigarettes 
without filters tar yield depended chiefly on 
the length of the cigarette. The regular size 
cigarettes had the lower yields, 27 to 31 mg 
per cigarette, except for regular Kool cig¬ 
arettes, which had a yield of 36 mg (Fig. 2). 
In general, however, the king-size cigarettes 
had the higher yields, 32 to 42 mg (Fig. g)_ 
Even among cigarettes of the same length, the 
tar yields extended over a considerable range.' 
Roughly 25% more tar was recovered from 
certain brands of king size filterless cigarettes 
(42 mg for Raleigh or Tareyton) than from 
the brand of the same type with the lowest tar; 
yield (32 mg for York). Filter cigarettes had 
the greatest range of tar yields, approximately 
8 to 42 mg per cigarette (Fig. 4). Among filter 
cigarettes most of the mentholated brands 
yielded tar over a rather narrow range, bfr 
tween 22 and 30 mg; but Cascade yielded ai 
little as 9.1 mg (Fig. 5). 

The 3 samples of Carlton cigarettes wi 
different in tar and nicotine yields. The 
yields from “very old” and “old” cigaret 
were not significantly different (6.2 and 7 
mg/cigarette, respectively); but the “n— 
cigarettes yielded a third more tar (0.8 
cigarette), representing a highly signifi 
difference. 

Tar recovery from Lucky Strike cigare 
analyzed under standard conditions on 
ferent days was remarkably constant, av 
ing about 27 mg per cigarette (Fig. 6). 
shown by tar recovery from Lucky Stri 
stored for 48 hours under various humidi 
low humidity had only a slight effect on 
yield (Fig. 7). 

Discusson 


The biological significance of differen 
the tar content of cigarette smoke has 
demonstrated repeatedly. In man, j 
response effect relating death rates to nu 
of cigarettes consumed is well established. 1 
This dose-response effect exists not aril 
death in general, but also for death 
specific causes, such as heart disease and 
cancer. Similar dose-response effects are 




£ Fig. 1. Dependence 

d nicotine yield upon 
iv total tar yield per cig¬ 
arette. 


- 3 ? 


2. Tar yields of until t. 
i cigarettes (regular ; 
.95% confidence levels 
res are indicated by 
lines. 




yields of unfilterr 
Jjf? (king size).'; 
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TAR WEIGHT PER CIGARETTE 
VERSUS 

NICOTINE WEIGHT PER CIGARETTE 

[ WITH CONFIDENCE LEVELS ) ^ 

✓ • 

/ 

/ 


ONE STANDARD / 
DEVIATION r 



'i 



TWO STANDARD 
DEVIATIONS 


10 12 14 16 16 20 22 24 26 28 30 32 34 36 

TAR WEIGHT PER CIGARETTE (mgm) 


38 40 42 


*Fig. 2. Tar yields of unfiltered 
i-mm cigarettes (regular size), 
"he 95% confidence levels in 
. figures are indicated by the 
rtical lines. 



JFlc. 5. Tar yields of unfiltered 
Vmm cigarettes (king size). 
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Hint 


Fjg. 4, Tar yields of 
filter-tip 80- to 100- 
mm cigarettes. 


3 « -I 

CK W -t O 

I- 1C J I 


S 5 til 1 ° 

k ^ D M a O *r 


J J W J ID J 1 

o O U — D ' 

t r — _ w i i 

~ £ a ~ J 


j/2 5 5 

S 2 J 

* a 


" a , 
“■ £ £ < 
< % x * 


uj 

40.0 

t- 

b~ 

Ul 

35.0 

cr 

<. 

tD 

30.0 

V 

25.0 

t* 

E 

20.0 

2 

15.0 

l/J 

10.0 

Q 

_J 

UJ 

5.0 

>- 

nr 

< 

0.0 



Brv 


Fic. 5. Tar yields of n 
cigarettes. 


* “ 25.0 

£ I— ao.o 


g 55 

< <-> 10.0 



Fic. 6. Tar yields of cc 
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Fig. 4. Tar p 
filter-tip 80- t! 
mm cigarettes..! 


I ben mice are painted with, tar from 
es. When the mice receive tar from 
brands in decreased amounts, the in- 
o£ tumors is correspondingly de- 
t,-° Furthermore, when die mice re- 
e entire tar contents of equal numbers 
ettes of specific brands, tie tumor in¬ 
is proportional to the tar yields of the 
tie brands. 2 ’ s ' 22 Accordingly, tar yield 
to be especially important in estimat- 
potential hazard of cigarettes, 
is already been pointed out in this 
different methods of analysis for tar 
atine in tobacco smoke give data that 
:n different in absolute magnitude, 
ring the case, it is important to con- 
e distinctive features of the methods 


Fig. 5. Tar yields of men 
igarettes. j 


Fic. 6. Tar yields of can a 
^arettes (Lucky Strike) del 
■ned on 8 different days (9j 
■ifidence intervals). 1 


I ice of butt length: On the basis of ob- 
or.s of human smoking behavior, Brad- 
t aid recommended a butt length of 23 
>r cigarette analyses. This length, pro¬ 
in 1937, subsequently was accepted in 
rd methods. 5 ’ 18 Since the introduction 
rs, however, there has been a tendency 
ipt a somewhat longer butt length, so 
atts of identical length can be obtained 
Less of the presence or absence of filters, 
ems to us that such a policy might be 
le value to the tobacco chemist but 
of much value to the public health 
it. There is no reason to believe that 
. smokers treat cigarettes with and with- 
ffilters in the same way, On the contrary, 
Snmond and Wynder 10 have shown that 
% of American smokers leave a butt shorter 
SP 25 mm, a feat manifestly impossible with 
ny filters. These investigators also showed 
it the average butt was clearly shorter for 
arettes without filters than for those with 
3 D. To adopt a longer butt length is to 
fere die additional tar delivered to these 
jokers by filterless cigarettes. Under the 
Ernnstances, we have adopted the 23-mm 
Bt for cigarettes without filters, the length 
Big appropriately increased for cigarettes 
Eh filters. 

for yield per unit: Similarly, we be- 
fS»e that tar and nicotine yields are more 
feaningful for public health purposes when 
?ted in terms of yield per cigarette rather 
5*0- yield per puff or per gram of tobacco 
ftsumert. This distinction will become in- 
?asmgly important as more cigarettes in- 
*porate special features such as air vents 
various kinds of “selective” filters. In 
ktion to the chemical characteristics of the 



20% 60% 100% 


HUMIDITY 

Fig. 7. Tar yields of control cigarettes (Lucky Strike) 
stored at various humidity levels for 48 hours. 


tobacco blend, including additives or the like, 
the tar or nicotine yield per gram of tobacco 
may be of some limited interest. The average 
smoker, however, neither counts puffs nor 
weighs tobacco. That being the case, the most 
meaningful statistics for cigarette analyses, 
from a public health standpoint, are those 
expressed as yields per cigarette. 

Meaning of yield per puff: When the po¬ 
tential effectiveness of filters is compared, the 
yield of tar per puff seems to have somewhat 
more meaning. Variation in the number of 
puffs is one of the principal types of variation 
in human smoking and hence greater stability 
in numerical magnitudes might be expected 
of yields per puff. As a matter of fact, tar 
recovery does tend to differ less from one sam¬ 
ple to another when expressed as yield per 
puff than as yield per gram or yield per cig¬ 
arette. Even so, the general distribution of the 
data is essentially the same regardless of which 
way the yield is expressed. 

The manner of expressing the yield affects 
rankings to some extent, but groupings hardly 
at all. For example, 13 of the 14 king-size filter 
cigarettes with the highest yields per cigarette 
xvere among the 14 with the highest yields 
per puff and the 7 with the lowest yields per 
cigarette were also the 7 with the lowest yields 
per puff. The 14 king-size filter cigarettes with 
intermediate yields per cigarette are consider¬ 
ably reshuffled in their rankings when tar re¬ 
covery is expressed as yield per puff but, since 
their confidence intervals overlap widely, the 
test system does not show distinct differences 
among these brands in any event and the 
ordering is largely fortuitous whichever way 
the yield is expressed. 
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The point that certain filter cigarettes Eall 
in the same range of tar recovery as do filter¬ 
less cigarettes is equally strong whether tar 
recovery is expressed as yield per cigarette or 
yield per puff. The ordering- of the filter 
brands among the filterless brands is some¬ 
what different for yields per puff than for 
yields per cigarette; for instance, the brand 
with the highest yield per cigarette was Pall 
Mall, but the one with a highest yield per 
puff was Masterpiece. Nevertlieless, the brands 
that have high yields per cigarette tend to 
have high yields per puff. 

Selection of cigarettes: The procedures em¬ 
ployed in this study or recommended for 
general use 13 do not necessarily provide a 
true picture of all cigarettes bearing a specific 
brand name. Cigarettes with a limited range 
of weight and air resistance were selected in 
an effort to exclude atypical cigarettes that 
might have given results less representative of 
the brand. Furthermore, most of the cigarettes 
were obtained from a single retail outlet and 
cigarettes purchased in other localities might 
have given somewhat different results. As a 
rule, however, cigarettes of the same brand 
were fairly homogeneous. 

Changes in cigarette design over a period 
of time are of considerable importance. The 
results obtained with Carlton cigarettes are 
highly illustrative. We believe that some of 
the cigarettes in the retail outlets must have 
been manufactured more than 8 months be¬ 
fore they were purchased. Not only were die 
newer packs different in appearance but they 
contained cigarettes that were enough dif¬ 
ferent in composition to have distinctly higher 
levels of tar and nicotine (Table 3). Changes 
in the design of a slow-selling brand may not be 
detectable on the retail market for a consider¬ 
able period of time. This problem should be 
taken into account in any assay program. 


Table 3. Tar and Nicotine Retrieval from Carlton 
Cigarettes from Packs of Different Designs 




Yield 


(mg per cigarette) 

Type* 

Tar 

Nicotine 

Very old 

6.2 

.41 

Old 

7.3 

.60 

New 

9.7 

.74 


* "Very old” cigarettes carried the label "Flavor 
Filter,” and did not have the mandatory health 
warning. "Old” cigarettes carried the label "Flavor 
Tip” and had the health warning but did not list the 
tar and nicotine contents. “New" cigarettes carried 
the label/‘Filter Tip,” had the health warning and 
listed revised tar and nicotine levels. 


voi. a/g 

Validity of the test system: Regular-ship 
Lucky Strike cigarettes were used as control] 
for the test system used in this study. The ; 
yields for these controls (Fig. 6) cover th^ 
8-day period during which most of the testjS 
reported in this paper were run. The cooif 
fidence intervals shown in the graph enabljf 
the reader to make a direct assessment 
the degree of quality control achieved in 
assay. If the test system provides the 
possible quality control, the confidence inti 
vals can be expected to include the "tru|i 
yield (i.e., some horizontal line in Fig. 
in 19 of 20 tests. In Figure 6 the liorizont 
line just below 27 mg is the average yield j| 
tar during the test period represented by 
graph. All but one of the confidence inter 
intersect this horizontal line and the inte 
for September 9 is very close to the line, 
confidence intervals used in the text 
based on pooled variance estimates toget 
with a separate test of Lucky Strikes, and I 
interval for the separate test (25.3 to 29j 
includes all of the yields shown in Figure] 
Under the circumstances, the confidence ; 
tervals used in Figures 2 through 5 seemj 
provide an adequate indication of the r 
producibility of the results. 

Influence of moisture content: The data] 
ported here are for the total, or wet, 
ticulate matter retained on the Cambrid 
filter. Inasmuch as the moisture content of j 
may have no health significance, it wou 
perhaps, be of interest to compare the deliv 
of tar on a dry weight basis. The repo 
content of moisture in different brandij 
cigarettes ranges from about 7 to 14%, 
most of the samples falling in the rangej 
8 to 10%. 1T Thus the differences in mois 
content between brands is not suffide 
great to significantly change the relative i 
ings in either Table 2 or the various figu 

Variations within types of cigarettes: _ 
parison of yields from cigarettes withj] 
without filters shows that the amounts' 
and nicotine to which the smoker is exp 
can be varied by the industry. Varialj 
from one brand to another is substant 
any type of cigarette but it is greats 
filter cigarettes (Fig. 4). Furthermor 
presence of menthol had no consistant| 
tionship to the yield of either tar or nio 

At least 2 differences in cigarette desif 
reflected in tar yields. Extra-long (1C 
Pall Mall filters and Benson & Hedg 
fitter cigarettes gave higher tar yield 
cigarette than did any of the othefJ 


o. 3 

rettes. The increase in 
jje detrimental effect of 
nber of puffs per cig 
eater opportunity for e' 
the smoking of a st: 
rettes. This factor is i 
comparing tiie averag 
dgarette when the c 
- order of increasing ta 
f second difference reflec 
design. As the weig 
sed, the tar yield per ; 
58; P<0.05). For exam 
weighing 20 mg am 
whereas the liigh-tar 
weighing only 15 m* 
‘puff. Filter effectives 
ited with the air resist 
ette (Table 1). 

|any brands of filter 
to substantial amoi 
r filters. In this study, c 
had no discernible 
jane recovery. Such ; 
{rising, however, sin a 
fly intended for sek 
constituents of t! 
bridge filter is not desi 
ble quantities of gases 
oblcms in switching! 
mt study are substantia 
□dpoint of public h 
ers of the populatio 
older indicates that 
*e smokers want to ; 
veil known that mar 
sible to break the hat 
(such smokers are im 
ads with low tar and 
in this direction 
^health gains since 
i smoked each day 
laracteristics of the 
^present study indie 
fige of choice, ever 
ae type, to permj 
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~ test system: Re 
<ettes were used aj| 
used in this study? 
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ng which most o£ 
paper were run. 
hown in the grapfi^ 

=ke a direct assess 
ity control achieved 
system provides 
introl, tiie confident, 
ted to include the ; 
lorizontal line in 
in Figure 6 the hor$ 
mg is the average yi<* 
period represented b 
of the confidence inte 
antal line and the int 
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ariance estimates to 
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yields shown in FIgi 
tances, the confidence 
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results. 

ture content: The dat 
r the total, or wet, 
u'ned on the Cambr 
he moisture content 
h. significance, it wot 
st to compare the deliv 
ight basis. The repor 
2 in different brands^ 
■m about 7 to 14%, 

S falling in the rang 
ie differences in moisti 
rands is not sufficienl 
change the relative 
2 or the various figures! 
types of cigarettes: Co 
om cigarettes with 
that the amounts of 
h the smoker is expo 
he industry. Variabili? 
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4). Furthermore, 
had no consistant relj 
of either tar or nicotifl 
es in cigarette design 
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higher tar yields 
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ettes. The increase in tar yield illustrates 
detrimental effect of allowing a greater 
of puffs per cigarette and thus a 
Ey opportunity for exposure to tar dur- 
fjthe smoking of a specified number of 
ettes. This factor is particularly evident 
fiomparing the average number of puffs 
fcigarette w hen the cigarettes are listed 
rder of increasing tar yield (Table 1). 
cond difference reflected in tar yields is 
design. As the weight of the filter in- 
1, the tar yield per puff decreased (r = 
8; P<0.05). For example. Marvel had a 
weighing 20 mg and gave 0,9 mg per 
whereas the high-tar Pall Mall had a 
weighing only 15 mg and gave 3.1 mg 
• puff. Filter effectiveness also can be cor- 
*ted with the air resistance of the entire 
rette (Table 1). 

lany brands of filter cigarettes include 
to substantial amounts of charcoal in 
■ filters, In this study, charcoal in cigarette 
rs had no discernible effect on tar or 
Stine recovery. Such a result is hardly 
prising, however, since the charcoal is 
ally intended for selective removal of 
ous constituents of tire smoke and the 
abridge filter is not designed to collect ap- 
iable quantities of gases. 

£Problems in switching! The data of the 
sent study are substantially important from 
standpoint of public health. A survey of 
abets of the population of Buffalo aged 
I and older indicates that about 60% of all 
garette smokers want to give up smoking. 11 
is well known that many smokers find it 
npossible to break the habit. 15 A large num- 
' of such smokers are interested in shifting 
pb brands with low tar and nicotine contents. 
|jphanges in this direction offer appreciable 
ublic health gains since the number of 
rettes smoked each day is one of the most 
»ble characteristics of the cigarette habit. 7 
The present study indicates that there is 
|piple range of choice, even among cigarettes 
* the same type, to permit most smokers to 


shift to brands with lower yields of tar and 
nicotine. Unfortunately, there is evidence 
that cigarettes of very high tar and nicotine 
outputs also are being produced. A trend 
toward extra-long cigarettes seems to be de¬ 
veloping, and the public health implications 
of this trend are highly disturbing. A smoker 
who switches from one of the raedium-tar 
filter cigarettes to Pall Mall filters or Benson 
& Hedges 100 immediately doubles his ex¬ 
posure to tar and nicotine, if, as is likely, he 
continues to smoke the same number of 
cigarettes and to smoke them to approximately 
the same butt length. The smoker may be 
unaware of his greatly increased health haz¬ 
ard since he may suppose that he is being 
protected by the filter. 

Timeliness of analyses: Cigarette manu¬ 
facture is a variable process, even under the 
best of controls. The tobacco leaf provided 
in commerce is a product of its environment, 
both natural and artificial (i.e., fertilizer, 
suckering agents, insecticides, irrigation, etc.). 
Furthermore, manufacturing processes have 
undergone repeated changes over the years. 

It now seems clear that manufacturers are 
able to produce cigarettes with almost any 
yield of tar and nicotine from very low to 
very high. The wide variety of filters avail¬ 
able is an obvious tool for this purpose. Un¬ 
fortunately, not all filters are effective. The 
width of cut in the leaf is also important in 
determining tar and nicotine yield. Recon¬ 
stituted tobacco sheet offers still more oppor¬ 
tunity for engineering cigarettes. This mate¬ 
rial is becoming more common in cigarettes 
and in 1964 it accounted for about 15% of 
the total cigarette tobacco produced in the 
United States. 12 Such factors show that 
analyses for tar and nicotine must be carried 
out frequently if they are to offer an ac¬ 
curate description of cigarettes currently 
available. They also show that the industry 
does have the capability for manufacturing 
less dangerous cigarettes. 
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Errata 

In the January 1907 issue of Cancer two sets of headings were deleted er¬ 
roneously. On page 10, in the article on “Behavior of Cancers of the Human 
Lung in Short-term Tissue Cultures” by Russell P. Sherwin, MD, Valda Richters, 
BS, and Arnis Richters, MS, is a list of eight distinctively different types of cancer 
cell behavior. So that this list may serve as a type of shorthand for those working 
with tissue culture cancers, it is reprinted here with the original labels referred 
to in the text: 

I- Organ culture, tumor tissue and related stroma 

a. Intact structure and architecture: 

b. Altered structure and intact architecture; 

Semiorgan culture, tumor tissue with loss of stromal relationship (i.e., 
loss of structure) 

a. Intact architecture; 

b. Altered architecture (tumor “flattening”); 

III, Monolayer formation (loss of original architecture) 

a. Organoid monolayer (“organization”); 

b. True monolayer (sheet, group or individual cell); 

Multilayer formation 

a. Passive (conversion of tumor in explant to "piled-up” monolayer); 

b. Active (vertical proliferation of monolayer). 


II. 


IV. 


On pages 01 and 92 of the article on “Carcinoma of the Uterine Cervix: A 
Study of 864 Patients” by Iver C. Nielson, Robert R. Smith, John R. McLaren 
and J. Elliott Scarborough headings were deleted from Tables 7 and 8. These 
are reproduced correctly below: 


Stage 


Total 

eligible 

for 60 (120) mo 
folfow-up 
A 


No. of pts. 

living at 
60(120) mo 


No. of 
pts. died 
0-60(120) mo 


Free 
of ea. 

B 


With 

ca. 

C 


With 

ca. 

D 


Free 
of ca, 
E 


No. lost to % minimal % detennii 
follow-up survival at survival J 
F 60(120) mo* 60(120)1 


In addition, instructions for calculations in the footnotes of these tables 
should have appeared as follows: * (B + C) t (B + C) 

A ' " ' A- (E -f-F). 


DAUNOMYC 
THE TRi 

Clinical Evaluate 

Charlotte Tan, md, I 


Daunomycin is 
Streptomyces pen 
glycoside linkage 
ological effects c 
which complexes 
are discussed. T! 
the drug extrava.- 
thrombocytopeni. 
receiving mainte 
tachycardia pnlm 
associated with d 
dren with leukc 
sions from a sing 
by maintenance t 
neuroblastoma, re 


S £. 1963 Grein, et al. 1s 
jHiiotic from cultures of 
jtjus which was named cb 
pve structure of daun 
aptly, 1 ' 2 .4 contained 2 
& pigmented aglycone (d- 
TCoside linkage with an ar 
~ine). 

he position of linkage o 
_? et } (2, 3, b-trideoxy-3-an 
Eghe aglycone (daunomycii 
“pried. The absolute stru. 
^jjne also is to be determ 
j^nd the stereoisomerisr 
Daunomycin is appe 
domycin, which was it 
\ b )’ Dubost, et ah 15 It 
lacycline and is in the 
gdiodomycins, cinerub 
Titilantins. 0 It has a we: 

% 

ET 

Line Division of Clinical < 
JR Institute for Cancer R. 
“8* Pediatrics and Medic 
Kwmg Hospitals, Cornell 
(tfflew York, N.Y. 

Tted in pan by U.S. Pi 

Ik-03215, CA-05826 and CA 
■uthors thank Miss May / 
lt£ and Mrs. Hazel Chi 
Taphy. 

lor publication Nove.. 


PM3001185680 


Source: https://www.industrydocuments.ucsf.edu/docs/yzwk0001 



